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MOBILE LOCATOR SYSTEM FOR METROPOLITAN 
AGQTAS 


The present invention relates to a method of and epparatus 
for locating mobile transtnitters within a certain area. ta par- 
ticular, the invention relates to a methed for locating police, 
emergency, and service vehiches within restropatitaa areas, 

Police departmenis of many cities have indicated a need for 
monitoring the locations of patrol cars throughout the city so 
that they can improve the efficiency of their dispatching. 
Other services such as cab and bus companies also have 
requirements for tracking the location of their vehicles, In ful- 
filling the requirements of these municipal and service or- 
ganizations, a vehicle locating system must be low in cost, 
compatible with existing mobile communications, versatile, 
and unaffected by radio noise in the vicinity of the vehicle. 

In view of the above, it is an object of the invention to pro- 
vide a relatively siraple, low cost method for locating a 
number of veliictes in a defined area. 

A further object of the invention is to provide a simple, low 
cost system to locate vehicles in a metropolitan area with suffi- 
cient accuracy. : 

Another object of the present invention is to provide a vehi- 
cle locating system that adds as little accitional epparaius to 
existing communication facilities as possible. 

A further object is to provide a vehicle locating system for 
use in metropolitan areas wherein the effects of multipath 
reflections and radio frequency noises are minimal or 
eliminated. 

Another object of the present invention is to provide a vehi- 
cle locating technique that may be implemented by apparatus 
as simple or complex as the needs or wants of the user require. 

The foregoing objects are achieved in the present invention 
wherein-there is provided in a typical instaliation, four recciv- 
ing stations located approximately at the corners of a square 
enconipassing the area to be served. Timing refcrences, pro- 
vided at each of the receiving stations, are in precise relation 
to each other within one or two tenths of a microsecond. 
When a transmitter is to be located, it transmits a relatively 
short tone burst of an audio frequency whose modulating 
wavelength in space may be longer than the largest cimension 
of thd service area. The tone burst is received at each of the 
recciving stations and cach one measures the phase of the 

. audio frequency tone burst relative to the reference phase. A 
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number representing the’ phase difference between’ the | 


received tone burst and the reference phase is transmitted by 
any convenient means to a centrul station. Alternatively, the 
received tone may be retransmitted by microwave link from 
each of the receiving stations to the central station where 
phase comparisons can be made. The differences in phase, 
taking into account the absolute time differences between the 
references at the receiving stations, is used to determine the 
time differences of arrival at the known locations of the 
receiving stations. From these data, hyperbolic lines of posi- 
tion are determined and their intersection is the location of 
the transmitter. Ervoss introduced by mulupath refiections are 


- minimized by utilizing a spuced Uisp: rsed antenna. 


The timing references provided at each of the receiving sta- 
tion may comprise the synchronization signals received froma 
focal teleMisian station. This would provide a convenient, 
satisfactory, and inexpensive time buse for all receiving sta- 
tions. Alternatively, a microwave link or atomic clocks can be 
used to provide the tine base. 

There are numerous ways to initiate the transmission of the 
tone burst from the vehicle. It may be dons ona programmed 
basis or on a random access basis with an tde aufication of the 
vehicle transmitted with the tone burvs. It may also be gone by 
interrogation from the ceniral stauea, either automatically or 
by voice request. : 

As outined above, the vehicle locating system aclieves a 
low initial and operating cost sirce the vehicle needs only an 
audio frequency tone burst generator adeéed to Ure consen- 
tional mobile radio equip-nent, The receiving stations can ure 
modined mobile When  Ielesiicn 
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synchronizing signa’s are utilized, there is no netd for a 
senerate source of a ew reference slay The sesters ts Cont: 
patible with existing mobile radio comuuumeauuns siines tac 
tone burst can be transmitted within the bandwictn used for 
mobile communications. Thus, existing vehicle equipmicnt can 
be used with minor additional circuitry. The time for the trans- 
mission can bs relatively short so that it adds [ive to Uie com- 
munication load on the channel. Further, the system is unaf+ 
fected by radio noise in the vicinity of the vehicle since one- 
way transmissions trom the vehicle are used for the measure- 
ment. ‘The accuracy is unaffected by radio frequency inter- 
ference in the receiver of the vehicle as it would be if'a two- 
way transponding system were used. 

The various features and advantages of the invention may 
be best understood by considering the following cetailed 
description in conjunction with the attached drawings in 
which: 

FIG. 1 represents a sketch of the invention in use in a 
metropolitan arca. 

FIG. 2 ilustrates one embodiment of the present invention 
utilizing existing communication equipment as much as possi- 
ble. 

FIG. 3 illustrates one form of space dispersed 
system used in carrying out the present invention. 

FIG. 4 illustrates another form of a Gispersed antenna 
system useful in carrying out the present invention. 

Referring to FIG. 1, there is shown the over-all operation of 
the present invention whercin the vehicle locating system uses 
range difference measurements to determine hypertotic lines 
of positions for vehicle location. When a vehicle, such as vehi- 
cle 10, is to be located, a control center transmits an inter- 
rogation signal to the vehicle. Several options are avaliable tor 
transmitting the interrogation. The operator of the syicrn may 
use the option that best suits his needs. The vehic:e may be ad- 
dressed automatically by a special code that is exciusively port 
of the location system, by meens of a selective caiing equip- 
ment that is port of the communication system, or the venicie 
driver may be requested by voice to initiate a ranging signal 
manually. Aiternatively, each vehicle may iniuiate its own 
ranging signal transmission according to a programmed 
sequence, timed by a clock on the vehicle. The ranging signal 
transmitted by the vehicle 10 to the receiving stations Li-14 
may consist of a short tone burst at a frequency of approxi- 
mately 3,150 Hz, frequency modulated onto the carrier of the 
voice communication transmitter. The duration of the tone 
burst may be approximately 100 cycles, or 0.03 seconds. The 
duration is determined by the accuracy requirements and the 
signal-to-noise ratio. Frequency deviation is limited to heeping 
the radio frequency spectrum within the mobile radio channel 
bandwidth assigument. No other signal need be transmitted by 
the vehicle to determine its location. The only device nceded 
on the vehicle in addition to its normal communication equip- 
ment is an audio oscillator of modest stability to modulate the 
communication transmitter, and a means to initiale the trans- 
mission of the short tone burst. 

A minimum of three receiving stations is necessary and a 
fourth is recommended to insure ambicuity resolution and to 
provide a redundant measurement. The separation of the 
receiving stations is determined by the useful range of the mo- 
bile equipment in the particular metropolitan area. In dense 
areas, separations as short as 2 miles may be required. In sub- 
urban areas, separation may be as much as 10 miles. Locations 
of the receiving stations 11-14, reletive to each other, should 
be approximately at the apices of an equi-lateral triangic or 
th: corners of a square. They cannot lie ina straight line. 

The receiving stauons 11-14 are provided with 2 common 
tine Boe with a precision beter Utan approsimciely oy 
nanongconds relative to each othar. Synchronization siznals 
such as cecetsed from a local television station 15 can provide 
ng base for all of the receiving stauons. Alternatively, a 
Microwave link or atomic clocks can be used to provide the 


antenna 


73. time base. 
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When a television sinnal is used, the horizont=1 swnchroriza- 
tion pulses provided precise Uming rcolehon ad ihe verucal 
synch se rad pin aeuhteity pessintan, Prose 
timing pales ata rac of 3,120 per second are conwed trom 
“the television synchronization pulses by selection of every fifth 
horizontal pulse. Selsction of the inciacual horizontal 
synchronization pulses are timed from the verucal 
synchronization pubes. All of the receivirg stiuions I-14 
have the same time base but displaced relitive to cach other 
by the difference in propagation time from the television 
transmitter 15 to the receiving stutions. This Gilerence in 
propagation time is a constant and can be determined by cal- 
culation and calibration. 

When the ranging signal from the vehicle is received at each 
of the receiving stations L1-14, a gate is opened at cach zero 
crossing of the received 3,150 Hz tone, and closed at the next 
following time base pulse. While the gate is open, pusses at a 
frequency of 10 MHz are passed through. A separate counter 
counts the number of times the gate is open. After a fixed 
number of times, for example, 64, the gate isna longer opened 
by the received tone zero crossings. The total nuniber of 10 
MHz pulses is counted to provide a measure of phase dcif- 
ference between the received tone zero crossings and the time 
base pulses averaged over a number of cycles cetermined by 
separate counter. This gated counter phase measuring or 
range determining technique is conventional and therefore is 
not illustrated. Further, any suitable phase measuring 
technique may be used. The timing resciution may be im- 


proved by using a frequency higher than 10 MHz for timing 30 


the intervals and the precision may be improved by averaging 
over a large number of received cycles. 

-When phase difference has been determined at each of the 
receiving stations, it can be expressed as a number in binary 


Sigital form, which is then transmitted by any convenient 35 


means: such as telephone lines, from each receiving station 
41-14 to a central processing facility 15. The measurements 
are corrected by the known relative displacement of the time 
bases, their differences taken, tc hyperbolic lines of position 
computed, and the location of the vehicle is thus determined. 
An ambiguity exists for each range ineasurement at the period 
of the Hz frequency. The period is 320 microseconds, 
representing a distance of approximately 16 miles. Since this is 
larger than the maximum separation of the receiving stations, 
the ambiguity is easily resolved. ; 
Referring to FIG. 2, there is illustrated a mobile communi- 


cation system 20 modified in accordance with the present in-- 


vention to carry out the additional function of vehicie loca- 
tion. In the conventional mobile communication system 4 mo- 
bile receiver 21 and transmitter 22 are caried on the vehicle 
whose location needs to be determined. The receiving station 
24 receives the signals from the mobile unit 2i and 22. In ac- 
cordance with the present invention, an audio oscillator 23 is 
added to the mobile transmitter 22 in order to provide the 
tone burst signal so that its location may be determined. At the 
receiving station, there is additionally provided a television 
receiver 25 for receiving the horizontal and vertical 
synchronization signals from the lecal television station 15. 
The addition of oscillator 23 and television receiver 25 
represent the sole modifications that need be mace to the ex- 
isting communication system. The received signals from 
receiver 24 and television receiver 25 are then phase com- 
spared in phase meter 26 which then wunsmits the phase dif- 
ference wetween the two received siznals to the central station 
16 as illustrated in FIG. I. At the central station 16 the signals 
from the receiving stations 11-14 are processed by any suita- 
ble means and the vehicle location is cetermined. 

In FIG. 3 there is ilfizstrated one form of an antenna system 
useful in the present invention to minimize the elects of mul- 
tipath reflections. Jn a metropolitan area the signal Gane 
mitted from the vehicle 10 wil not merely fotow a line-fs 
sight path 30 but wiil also be reflected by buildings in the areca 
such as building 32. The signal from the veniche 1G wei be 
reflected along pth 31 to the receiving station EL. Havirg a 
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single receiving antenna at the receiving station HL, the sienal!s 
traveliog alone ptis Gu ond 3] Wall Gre 
received clan d will be phase diautzced ruben, tot 
traseiutg acng pec 2) Wha reser us iho Gcnag an are 

5 roncous value for the range of vehicle 10 from the receiving 
ition UL. It hes teen found that the raace error is 
bidirectional, that is, it may either be a positive or negative er- 
rer. It has been fund furuver that the error varies cycccally 
such thet over one whoie cycle the average range errer ap- 
proachss zero. [fa sinsie anicnna at recciving staiion Li is 
moved about a8 the sigtais clong pats 23 end 3 are received, 
the averces of the readines at une various positions will tend to 
average out to the true value for the range of vehicts 19 from 
15 receiving stztion 11. Ouse means of implementing this averog- 
ing feature is itiustrated in FIG. 3 wherein a spared ditpersed 
antenna sysiem is uillved et each of the receiving stations 
11-15. Thus, for example, at receiving station 11a plurality of 
antennae are utilized to recciving station 11 a travelling along 


10 


20 paths 30 and 32. The signals received at each antenna may be 


manipulated m aay desired manner, for exampie, they may be 
sequentially sampled or summed or a combination of summing 
and samoling can be used. By utilizint: a souce dispersed an- 
teruia system such 25 snown in FIG. 3, the received signals 


25 over path 30 and 3% are averaged out and the rewulting ceter- 


mination of range is more eecurate than that which could be 
obtained using a sincle receiving antenna. 

In FIG. 4 there is iMustrated an alternative form of dispersed 
antenna system, wherein a picrclity of antennas are located 
about the area to be served and form a sinle dispersed anten- 
ha array comprising amtennes 11-19. At cach antenna is a 
separate receiving station which processes the signal from the 
vehicle-to-be-located 10 and the localiy generated time si ynal 
to determine the range of the vehicle to be located from tie 
receiving station, The antenna system of FiG. 4 may be con- 
sidered more of 4 redundant measurement system wherein a 
relatively large number of measuremens are made and cam- 
bined to average out the range error due to ruultipath refiec- 


49 tion. 


While a spzcific embodiment of the invention has been 
described, it will be obvious to those skilicd ia the art Gat nu- 
merous modifications of the iavantion may be made, For ex- 
ample, the received signals at stations 11-14 may be relayed 


45 by any suitable means to a ccniral station 16 where they are 


then phase compared with the signal from the local television 
station 18 to determine the relative phase displacement of the 
signals received at the recciving stations 11-14, and from 
which the location of the vehicle 10 may be determined. In 


50 this modification, all the proce:sing equipment is then located 


atacentral station. 
What we claim as new and desire to secure by Letters 
Patert of the United States is: . 
1. A method for locating 2 vehicle comprising the steps of 
positioning at least three receiving stations about the 
periphery of the area in which said vehicle may be 
located; 
initiating narrow band transmission from said vehicle of a 


60 tone modulated signal, 


receiving said modulated signal at. said receiving stations, 
and 

comparing the times of arrival of said modulated signa! ond 
a time reference signal to obtain range difference infor- 


65 mation $0 that the specific iocation of said vehicts within 


said area can be determined. 
2. The method as set forth in claim 2 wherein said compar- 
ing step comprises 
~ receiving a locally generated television signal, 


70. deriving from said television signal said ume reference 


siznal, and 

comparing scid derived time reference signal with said 
received modulated signal to obtain range difference in- 
formation irom which sad vehicle may be speciiicatly 


75 located within said area. - 
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3. The method as set forth in claim 
tional steps of cerforminas said receiving, denving, and com- 
pati : ciation, ond 
conveying said information from euch receiving station to a 
central station where the specific vehicle locatian may be 
determined. 
4, The method as set forth in claim 1 further comprising the 
steps of 
_ generating a time reference signal, and 
communicating said tima reference signal to said receiving 
stations. 
5. The method as set forth in claim 1 wherein said initiation 
is accomplished in cesponse to voice request. 
6. The method as set forth in claim 1 wherein said initiation 
is in response to an ideatification coded request. 
7, The method 2s set forth ia claim 1 wherein said initiadon 
is accomplished automatically on a programmed bzsis. 
§. The method as set forth in claim 1 wherein said initiation 
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; 
includss the step cf 
modulating a carries frequency with a siznal whose mocu- 
lating wavelonzia is longer than the Lagest dimension ef 
sald area beiny served. ; 
9. The method 2s set forth in claim 1 wherein the duration 
of said initinted transmission is on the ordar of C4 cycles ofthe 
modulating signal. 
10. The method as set forth in claim A including the step of 
providing a space dispersed antenna system for use with said 
receiving stations thereby minimizing the efiects of mul- 
Upath refiections. 
11. The method as set forth in claim 10 wherein said provid- 
ing step is pecformed at each receiving station. 
12. The method as set forth in claim L including the siep of 
determining the specific location of said vehicle within said 
area. 
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